The negative impact of obesity on physical fitness and motor abilities has been documented in youth of various ages; however, this issue has not been explored in youth with mild intellectual disabilities (ID). Youth with ID are considered more overweight, less physically fit, and less motor proficient than peers without ID, so it is important to determine if these variables are associated in this population. The purpose of this study was to examine the relationship between body mass index (BMI), physical fitness, and motor skills in a large sample of youth with mild ID. Method: A systematic, stratified sampling method was used to select 444 youth with mild ID, aged 6-18 years, from eight special education schools in Hong Kong. Physical fitness was assessed using items from the national Hong Kong assessment: 6-(ages 6-8 years) or 9-(ages 9-18 years) minute run, sit-up, isometric push-up, sit and reach, and sum of skinfold. Functional motor skills were assessed in 244 youth from the fitness sample using the Test of Gross Motor Development-II. Subjects were categorized into normal or overweight/obese BMI groups based on international cutoff points.
Introduction
The exponential increase in obesity among children and adults across many industrialized countries has been the topic of ongoing research; 1 however, there is relatively little data on this topic in people with intellectual disabilities (ID).
Although only a few large-scale studies have been conducted, obesity rates are reportedly higher among adults with ID compared to the general population. [2] [3] Less is known about youth with ID and available data are contradictory, with reports of similar 4 or higher 5 obesity rates compared to peers without ID. There have been considerable efforts to understand the rise in obesity among youth without ID, but it is unclear if this information can be generalized to those with ID since it is well documented that this group experiences certain deficiencies, particularly with regard to motor ability and physical fitness. [6] [7] There is evidence that a high body mass index (BMI) negatively affects motor performance and physical fitness in youth without ID. [8] [9] [10] Youth with ID perform poorly on motor and fitness assessments, 6 but the influence of BMI on this outcome has not been clarified. Some researchers have observed that BMI and aerobic fitness are correlated in youth with ID, 11 while others have not, 12 and the relationship between BMI and motor performance in these individuals has not been explored. It is often speculated that this population is at greater risk for obesity than peers due to high rates of sedentary behavior. Sedentary behavior in youth with ID may be influenced by motor and physical fitness deficits since movement competence is important to activity participation. 9 People with ID account for approximately 3% of the population worldwide and obesity will exacerbate the limitations already experienced as part of the disability, consequently hindering opportunities for maximal integration into society. 13 Thus, there is a need to better understand factors that contribute to the health and well-being of these citizens. The purpose of this study was to examine (a) the incidence of obesity in a cross-sectional sample of children with mild ID, aged 6-18 years and (b) the relationship between physical fitness, motor performance and BMI in this population. It was hypothesized that there would be a strong relationship between the variables of interest. 15 Although IQ scores were not available, verification that the sample represented youth with mild ID was based on (a) strong adherence to school placement according to IQ and (b) teacher confirmation. A stratified random sample method was used to select the eight research sites from 17 schools that admit the target population. The final sample was distributed among the major districts of Hong Kong Island (N ¼ 1), Kowloon Peninsula (N ¼ 4), and New Territories (N ¼ 3). The two former districts are classified as urban, while the latter is rural and represents the largest geographic region, with the largest population. Approximately 1420 students with mild ID were served in these facilities. A total of 736 students were selected according to gender and grade level using a stratified, systematic odd number sampling process (e.g., 1, 3, 5, etc.). Participants with Down's syndrome (n ¼ 63), William's syndrome (n ¼ 12), identified co-occurring conditions, specifically autism (n ¼ 144) and a variety of other physical disorders, such as congenital heart defects and cerebral palsy (n ¼ 60), were excluded from the analysis for two reasons. First, individuals with certain genetic conditions should be considered as a separate sample due to documented differences in physiological variables compared to those with ID and no diagnosis. 7 Second, co-occurring conditions could impact the ability to participate in testing (e.g., sensory sensitivity associated with autism, tests not validated for those with physical disabilities) leading to unreliable and unrepresentative results. Owing to time constraints, approximately half of those involved in fitness testing were selected for motor testing, using the same gender and grade level stratified sampling method previously described. Parents were contacted directly by the school and participation was contingent on provision of a signed informed consent document, previously approved by the university research committee.
Methods

Subjects
Procedures
Fitness testing was conducted within the first 3 months after the start of the school term and motor testing was conducted the following 3 months. Height and weight measures for the calculation of BMI were obtained from school records, which had been updated at the beginning of the school year. BMI classifications of normal, overweight, and obese were determined using international standards. 16 Physical fitness assessment. Test items were selected in accordance with those used to establish territory-wide fitness norms for all Hong Kong youth. 17 Participants completed five activities as follows: (a) 1-min sit-up (muscular endurance); (b) isometric push-up (muscular strength); (c) sit and reach (flexibility); (d) 6-min (ages 6-8 years) or 9-min (ages 9-18 years) run/walk test (cardiovascular), and (e) triceps and calf skinfold (sum of skinfold) measures. Testing was conducted on an outdoor covered playground in six schools and on an indoor playground in two schools. The 1-min sit-up is valid and reliable for youth with and without ID. [18] [19] Both feet were held stationary and arms placed in a crossed position over the chest. Movement completion occurred and was counted when the participant was able to sit-up and touch elbows to thigh. Isometric pushup protocol involved timing students according to their ability to maintain 'up' push-up (straight leg) position in a stationary manner. This item is considered valid and reliable in youth with and without ID. 20 The back-saver sit and reach test is also considered to be valid and reliable for youth with and without ID. [18] [19] [20] The test was conducted with students sitting on the floor in bare feet, one leg extended with the foot pushed against a standard sit and reach box. The other leg was flexed and foot flat on the floor 2-3 inches next to the extended leg. One hand was placed on top of the other, palms down, while arms extended and participants leaned forward from the waist as far as possible and held the position for 1 s. The distance reached in centimeters was recorded. This task was performed twice with each leg extended. The 6/9-min run/walk is considered a valid and reliable field test of cardiovascular fitness in youth. 8, 18, [21] [22] The course was typically set-up on a basketball court at the school and measured 15 Â 25 m. Students were paced by test administrators and the number of laps completed in the specified time was recorded and converted to total meters. Those aged X9 and p8 years completed the 9-min or 6-min test, respectively. Triceps and calf skinfold thicknesses are a BMI, fitness, motor skills and intellectual disabilities GC Frey and B Chow standard indices of body fat in youth. 23 This item was measured using Harpenden calipers and the final value was averaged over two trials to obtain sum of skinfold thickness. Seven individuals with fitness testing certification from the Hong Kong Physical Fitness Association and at least 20 h of practical experience administered the tests. Supplemental instruction was provided to all test administrators to prepare them for assessing children with ID (e.g., communication issues, ensuring task understanding). A school physical education instructor was present at all sessions to assist with and facilitate the procedures. Only one class of 20-30 students was administered the test at a time and activity stations were used to assess small groups of 5-8 participants. Several days before actual data collection, participants were familiarized with testing procedures and practice trials were administered in physical education classes to enhance task understanding and completion. Demonstrations and verbal cues, and verbal encouragement were provided during assessment and all subjects completed the entire test.
Motor assessment. Fundamental motor skills were assessed using the Test of Gross Motor Development-II, which is a valid and reliable, norm and criterion referenced assessment of locomotor and object control movement patterns. 24 Although the instrument is not specifically designed for youth over age 10 years, the purpose of this study was to obtain a measure of motor proficiency in this population, not to make normative comparisons. In addition, items from the TGMD have been previously used to assess motor performance in adolescents without ID. 8, [25] [26] There are 12 skills (six locomotor ¼ gallop, hop, horizontal jump, leap, run, slide; six object control ¼ strike stationary ball, stationary dribble, catch, kick, overhand throw, underhand roll) and participants are scored on the ability to meet performance criteria on each subtest item (range ¼ 3-5 criteria per item). Subjects are allowed two test trials and each trial was scored separately for a maximal 48 points on each subtest. Since the standard scores are validated only for youth ages 3-10 years, raw scores were used for analysis.
Six test administrators received 6 h of formal training, which included a thorough explanation of procedures and scoring, watching training videotapes, practice trials using videos, and practical training in a school setting. Since these individuals had relatively less experience with motor testing, compared to those involved in the physical fitness testing, interobserver reliability was assessed in the field practice session. Each test administrator provided an independent score for six different subjects and an intraclass, two-way mixed model revealed acceptable reliability for all motor items (R ¼ 0.88). 27 Subjects were tested in groups of 20, and one test administrator assessed five subjects according to stated guidelines. Prior to performing the tasks, a verbal explanation and physical demonstration were provided. Each subject was allowed a practice trial to ensure task understanding and an additional demonstration was provided if a lack of comprehension was evident. 
Results
After excluding subjects with incomplete or missing data (n ¼ 13), the final sample sizes for fitness and motor testing were 444 (264 males, 180 females) and 244 (134 males, 110 females), respectively. BMI and sum of skinfold measures were highly correlated (r ¼ 0.80), so the latter was not entered into the regression equation and will not be addressed in the Results or Discussion. Few subjects were classified as obese, so the overweight (n ¼ 57, 13%) and obese (n ¼ 31, 97%) categories were combined for further analysis, resulting in approximately 20% sample identified as overweight/obese. This was equally represented across both the fitness (n ¼ 88, 20%) and motor test samples (n ¼ 49, 20%). Descriptive information according to BMI category is presented in Table 1 . The only differences between BMI categories was in the 6/9-min run (Po0.001, Z p 2 ¼ 0.04) and push-up (P ¼ 0.05, Table 1) . BMI was weakly correlated with the run and push-up, but none of the motor variables (Table 2) . Of the variables studied, age and gender accounted for the most variance in the 6/9-min run (15%), push-up (11%), object control (21%), locomotor control (10%), and sit-up (18%), but not sit and reach (1%). BMI significantly contributed an additional 4 and 3% to the variance of both the 6/9-min run and push-up, respectively, but not the other variables (Table 3) .
Discussion
A total of 31 subjects (97% of sample) were classified as obese, which is lower than the 14% reported in the general Hong Kong youth population, aged 6-18 years. 29 There are no available estimates of both overweight and obesity in Hong Kong youth, so it is difficult to adequately interpret the 20% overweight/obesity rate BMI, fitness, motor skills and intellectual disabilities GC Frey and B Chow observed in the current sample within a cultural context. Regardless, a 20% overweight/obesity is cause for concern, particularly since the desired rate for youth is 5%. 30 To our knowledge, there are only two other studies addressing obesity in large, cross-sectional samples of youth with ID. Murphy et al 4 observed no difference in age-corrected BMI between US youth with and without ID, but prevalence was not reported. Conversely, Takeuchi 5 observed a higher incidence rate among Japanese youth with ID compared to peers (B12%), but actual BMI group comparisons were not provided. These studies were conducted before development of the international cutoffs for youth, but provide evidence to suggest that culture may influence findings in this population. For example, Hong Kong utilizes a segregated school system, while North American countries implement school integration.
Research on living environments indicates that adults with ID in more controlled settings (i.e., segregated) are less obese than those in less controlled settings (i.e., integrated), 31 thus school placement may also affect body composition. Therefore, it is recommended that obesity data on youth with ID be considered according to disabilityrelated cultural norms (e.g., services, education, community placement). BMI, fitness, motor skills and intellectual disabilities GC Frey and B Chow BMI had a small, negative influence on aerobic performance and muscular strength in youth with mild ID, when age and gender were controlled. Overweight/obese youth performed worse on the 6/9-min run than those with normal BMI values, which has been consistently demonstrated in youth without ID across ages. [8] [9] [10] [32] [33] [34] Data regarding this topic in youth with ID are somewhat varied with evidence of a strong association 11 or no association between these factors. 12 Of the variables examined in the current study, age and gender accounted for most of the variance in aerobic performance, contrary to previous studies on youth with ID. 11, 35 Although there were differences between the BMI groups regarding these variables, the importance of this result is questionable in the light of small effect sizes, and particularly since the addition of BMI to the regression model contributed little to the variance observed. Based on these data, the influence of BMI on selected fitness variables in youth with mild ID should not be overstated.
Correlations between BMI and aerobic fitness were similar to those reported by Graf It was reasonable to predict that obesity would negatively affect isometric push-up performance due to the difficulty in supporting excess weight while in a plank position. However, the lack of difference between groups on the sit-up task was surprising because obese youth without ID perform worse than normal weight peers on this item. 40 The current findings can be explained by the poor sit-up performance of the whole sample, which appears to be typical for youth with ID, [6] [7] 38 as well as Hong Kong youth without ID in general. 41 42 and it is possible that this potential cultural trend may exacerbate the already low levels of abdominal strength and endurance frequently observed in youth with ID. The lack of association between flexibility and BMI was not surprising based on previous reports of small correlations between these variables.
10,34
The current findings indicate that obesity does not influence flexibility in youth with mild ID.
There is evidence to suggest that obesity hampers motor performance in youth without ID, but it is important to note that previously reported correlations between measures of body composition and motor skills have been small to moderate (range ¼ À0.10 to À0.33). [8] [9] 43 An association between BMI and motor performance was not observed in the current study, most likely because motor scores for the entire sample placed them in the very poor performance category. 24 It is well documented that youth with ID display inferior motor skills compared to peers without ID. 6 The reason for these discrepancies are complex and attributed to a variety of factors such as differences in motor development, motor delays, physiologic limitations (e.g., reduced muscle activation), lack of movement opportunities, and anthropometric characteristics. 6 Results from this study suggest that BMI as an anthropometric characteristic does not influence motor performance in youth with mild ID and other causes for these deficiencies should be explored. Perhaps most of interest with regard to prevention of obesity in youth with mild ID were the small to moderate correlations between motor and fitness items. There are few reports on this topic, but other researchers have reported similar relationships in youth without ID. 25, 44 Deficiencies in motor proficiency could predispose people to inactive behavior, 26 and this may partially explain the high rates of obesity, low fitness levels, and sedentary behavior observed in adults with ID. 2, 3, 7, 45 Additional research is needed to determine if remediation of motor deficits leads to improvements in physical fitness and reduced obesity rates in this population. This study is unique because it is the first to examine obesity correlates in a large sample of youth with mild ID. The cross-sectional design precludes conclusions regarding cause and effect; but it is clear that the prevalence of overweight/obesity among Hong Kong youth with mild ID is undesirable, even though there is negligible impact on physical fitness and body composition. Data on medication were not collected and this may have influenced BMI; however, minimal differences in body weight and skinfold measures between Hong Kong youth with and without mild ID indicate that this was not an issue of significant concern. 46 These findings can only be generalized to those with mild, idiopathic ID and the association between fitness, obesity, and motor abilities in individuals with genetic conditions such as Down, Prader-Willi or Bardet-Biedl syndrome, as well as those in other diagnostic categories (e.g., moderate, severe), requires further study. Much research is needed to better understand unique obesity determinants, such as physical activity behavior and medications, as well as other psychosocial and environmental factors, across this diverse population.
